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Abstract
One of the new-generation constructional steel groups are AHSS (Advanced High Strength Steel) steels. This group includes 
TRIP (Transformation Induced Plasticity) steels – phase hardened steels with plasticity induced by phase transformation. The 
TRIP steels are currently used in the automotive industry for car body sheet in the controlled crash zone construction.
Studies reported in the literature are related mainly to the research on the car body sheet rolling and heat treatment process. 
Therefore, the need has arisen for developing and conducting comprehensive studies on the process of drawing TRIP steels wires 
and identification the new application areas. The research concerned with obtaining wire rod and metal products and wire 
drawing processes of low and medium-carbon steel with TRIP effect classified into group of AHSS steel, has been shown in the 
work.
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1. Introduction
A constant growth in the demand for materials with high service properties and increasingly efficient 
technologies of their production is observed in the world economy. The dynamically developing automotive industry 
puts increasingly high demands on the steel part manufacturers for the reduction of the vehicle mass by using steels 
with very good mechanical properties and high press-formability. The application of multi-phase steels is the most 
effective solution to this problem, as it enables the production of high-property plate and offers the possibility of its 
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manufacture in conventional technological lines. To reduce the vehicle mass, the automotive industry uses also parts 
made of alloys of non-ferrous metals, such as Al and Mg, as well as polymer materials; however, parts made from 
steel plates still make up 60% of the vehicle mass [1,2].
AHHS steels are multi-phase steels containing ferrite, martensite, bainite and/or retained austenite in various 
forms in their structure in quantities that ensure very good both mechanical and plastic properties to be achieved [3].
However, in available literature there were no publications concerned with the technology of production of wire 
rod of low- and medium-carbon TRIP-structure steel and the study of the process of drawing and properties of wires 
of this steel. For this reason, in 2005 the team of researchers from the Drawing Engineering and Metal Products 
Department of the Czestochowa University of Technology, which included authors of the paper, undertook the study 
of these problems as the first on a worldwide scale.
The results a laboratory investigations and trials made in industrial conditions, concerned with obtaining wire rod, 
wires and metal products from TRIP steel has been shown in the paper.
2. Laboratory investigations
Properly selected chemical composition of steel is indispensable condition for producing of the steel products 
with TRIP effect. The carbon contents should not be too high (>0.40%) because carbon can in significant way 
influences on retained austenite stabilization at ambient temperature. It can cause inability the transformation of 
retained austenite into martensite during cold plastic working processes [4,5]. Adding proper alloying elements such 
as silicon (Si) and manganese (Mn) also play a very important role in TRIP steels [6].
The laboratory tests were carried out for three grades of steel, with dedicated for TRIP steel chemical composition 
given in Table 1.
Table 1. The chemical composition of steel with different carbon content
C Mn Si
0.090 1.57 0.90
0.293 1.43 1.32
0.431 1.47 1.36
To obtain retained austenite in the material in the quantity sufficient to assure the TRIP effect to be achieved, it 
was necessary to carry out two-stage heat treatment with properly selected parameters, which consisted in holding 
the steel within the diphase austenitic-ferritic range with subsequent soaking it within the bainitic transformation 
range. The two-stage heat treatment process of wire rod for an obtaining a multiphase TRIP-type structure with a 
possible maximum quantity of retained austenite has been done. In Table 2, the volume fraction of retained austenite 
in the structure of steels with different carbon content, obtained after heat treatment process was shown [7,8,9].
Table 2. The amount of retained austenite (in%) for steels with different carbon content obtained after heat treatment process [10]
Grade of steel Amount of retained austenite, %
TRIP 0.090%C 7.80
TRIP 0.293%C 23.95
TRIP 0.431%C 28.00
2.2. The research of mechanical properties for wires from TRIP steel with different carbon content in laboratory 
conditions
The mechanical properties test results for TRIP steel with 0.090% carbon content are taken from study [11]. For 
two grades of steel with 0.293 and 0.431%C the research of wire drawing process for laboratory conditions, with use 
a JP600 block drawing machine using conventional drawing dies of an angle of 2D=12º, were carried out. The wire 
rod after pickling and lubricant carrier coating was subjected to the process of wire drawing from initial diameter 
6.25 mm to final diameter 2.97 with use of the large partial reductions (about 25%).
The mechanical tests of TRIP steel wires were carried out on a ZWICK/Z100 testing machine, and results were 
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shown in Fig.1-2.
Fig.1. Variation in tensile strength for TRIP steel wires with different carbon content as a function of homogeneous strain [10]
Fig.2. Variation in yield strength for TRIP steel wires with different carbon content as a function of homogeneous strain [10]
We can observe the strengthening of the material with the increase of degree of deformation, but wires from 
0.431%C TRIP steel are strengthening more intensively. The final wires from 0.431%C TRIP steel have over 200
MPa higher Rm values in relation to the wires from 0.293%C and over 700 MPa in relation to the wires from 
0.09%C (Fig.1). A retained austenite contained in structure has significant impact on differences in Rm values for 
each grades of steel. The mechanical strength values of TRIP steel wires with highest carbon content are comparable 
to properties of wires made from high-carbon steel.
3. The investigations in industrial conditions
It has been found that producing the TRIP structure in wire rod of steel of varying chemical composition is 
possible to be accomplished under industrial conditions on existing technological lines through the application of 
controlled cooling after hot rolling on the Stelmor line. The industrial tests were carried out for three grades of steel: 
G4Si1, S355J2 and 27MnSi5with different carbon content, in order: 0.08%C, 0.18%C and 0.25%, which are in the 
current production plan of rolling mill.
The retained austenite content of wire rod of respective steel grades was determined by three methods, both on 
the surface and in the axis of the wire rod. The results are given in Table 3.
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Table 3. Retained austenite content Jv on the surface and in the axis of wire rod for different steel grades
Grade of steel Carbon content
%
Retained austenite content Jv %
Axis Surface Mean value
G4Si1 0.08 3.40 3.10 3.25
S355J2 0.19 6.80 4.20 5.50
27MnSi5 0.25 7.90 6.80 7.35
From the test results shown in Table 3 it can be found that the average retained austenite content of the 
multiphase steel structure increases virtually proportionally with the increase in carbon concentration in its chemical 
composition, which provides a basis for predicting the retained austenite content of wire rod of other steel grades 
(with a different %C concentration) rolled into the identical diameter with the same rolling process parameters, as 
well as two-stage cooling on the Stelmor line.
4. Metal products made from TRIP steel
The welding wire rod G3Si1 grade steel (acc. to standard PN EN 440) manufactured in the Sosnowiec Division of 
ArcelorMittal Poland S.A. was used for the tests, with TRIP structure obtained by regulation the parameters on 
Stelmor cooling line. From this wire rod we made the screw M5x12 type (Fig.3).
Fig.3. The shape of the material after each screw’s M5x12 forming operation [12]
In Table 4 we shown the mechanical properties obtained screw’s from TRIP steel and from medium-carbon steel 
in property class 8.8, obtained after additional heat treatment process on quenched and tempered way
Table 4. Mechanical properties screws’ made from TRIP steel and from medium carbon steel in property class 8.8. acc. Polish standards PN-
EN ISO 898-1 [12]
Mechanical properties
MPa
TRIP steel
(C<0,1%)
Carbon steel with ferrite-pearlite 
structure (0,15%<C<0,55%)
Rm, MPa 836 800
R0,2 MPa 678 640
Other industrial test were carried out for steel S355J2 manufactured in the Sosnowiec Division of ArcelorMittal 
Poland S.A. with TRIP structure obtained by regulation the parameters on Stelmor cooling line. From this wire rod 
we made the screw M6-6h type, the double-thread screw with hexagonal head (Fig.4). This type of screws are made 
from 19MnB4 grade of steel. And there are a lot of problems concerned with formability during all forming 
operations, mainly during the treads formation process.
Fig.4. The shape of the material after each screw’s M6-6h forming operation
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It can be stated that screw made form S355J2 steel with TRIP structure during all phases of production process 
showed very good properties for formability especially during the treads formation compared to screw made from 
19MnB4 grade steel with ferrite-pearlite structure.
5. Conclusion
The mechanical strength values of TRIP steel wires obtained form wire rod with dedicated chemical composition 
in laboratory conditions, are comparable to properties of wires made from high-carbon steel.
By selecting the appropriate parameters of the rolling process and controlled cooling on the Stelmor line, 
multiphase structure TRIP wire rod of different steel grades can be obtained, in which the retained austenite content 
is proportional to the percentage carbon concentration in the chemical composition of the steel.
We can obtain from TRIP steel screws (without heat treatment) with mechanical properties comparable with 
medium carbon steel in property class 8.8. (obtained after heat treatment on quenched and tempered way) and screw 
with very good formability properties which are very important during formation of products with complex shapes.
The result of studies provided the grounds for claiming that TRIP steels enable a new generation of wires and 
wire and rod products with unprecedented properties to be produced.
It is therefore necessary to determine whether and, if so, in what extent the magnitude of applied bending stress 
will increase or decrease that amount of retained austenite and, as a consequence, the mechanical properties of the 
finished product. The results of these studies have a practical dimension, since, e.g. a screw made of the TRIP steel, 
subjected to variable stresses in service, may undergo additional hardening to a varying extent, which will influence 
its mechanical properties, life and operation safety.
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